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Problem area 
The Dutch Ministry of Defense acquired the NH90 helicopter for 
naval operations, ranging from reconnaissance missions and anti-
submarine warfare operations from the naval air base De Kooy to 
anti-piracy missions on board a frigate. The operational 
conditions encountered differ widely for the different types of 
missions all over the world. This has impact on the corrosion 
prevention measures required to keep the helicopters 
operational. 
The operational conditions can be monitored with environmental 
sensors. The challenge is to translate the operational conditions 
to a corrosion severity index that can be used to monitor the 
impact of the environment encountered by the individual 
helicopters. The severity of the impact of the environment can be 
used to plan corrosion inspections and maintenance. 
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Description of work 
In the present research environmental 
parameters are measured using external 
sensors installed on helicopters operating in 
different environments.  
Laboratory corrosion tests on coupons and 
sensors are performed to enable assessment 
of the relation between environmental 
parameters and corrosion severity. 
Results and conclusions 
Preliminary results indicate that the corrosion 
severity of the environments encountered by 
the helicopters differs significantly and that 
instrumenting the helicopters is required to 
correctly assess the severity of the 
environment encountered by the helicopters.  
Applicability 
The results show that the corrosivity of the 
environment can be measured with sensors 
and that these measurements can, in principle, 
be used for condition based corrosion 
maintenance.  
Because of the wide variety of missions flown 
with the NH90 helicopter, the severity of the 
environment can only be assessed if the 
helicopters are instrumented. Instrumentation 
of only the air bases and/or the ships the 
helicopters are operated from is insufficient.
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Summary 
The Dutch Ministry of Defense acquired the NH90 helicopter for naval 
operations, ranging from reconnaissance missions and anti-submarine warfare 
operations from the naval air station De Kooy to anti-piracy missions on board a 
frigate. The operational conditions encountered differ widely for the different 
types of missions all over the world. As a result the corrosivity of the 
environment differs widely. This has an impact on the corrosion prevention 
measures required to keep the helicopters operational.  
 
The operational conditions can be monitored with environmental sensors. The challenge is to 
translate the operational conditions to a corrosion severity index that can be used to monitor the 
impact of the environment encountered by the individual helicopters. The severity of the impact 
of the environment can then be used to plan corrosion inspections and maintenance. This will 
reduce maintenance burden when the corrosivity is low while simultaneously reducing the risk of 
corrosion and thereby the risk of high maintenance and repair costs when the corrosivity is high. 
Additionally the operational availability of the helicopters will be improved. 
 
In the present research environmental parameters are measured using external sensors installed 
on helicopters operating in different environments. The results are supported by laboratory 
testing to assess the corrosion rates for several material combinations relevant for the helicopter 
in a range of environmental conditions. Preliminary results indicate that the corrosion severity of 
the environments encountered by the helicopters differs significantly and that instrumenting of 
the helicopters in addition to the ship and airbase is necessary to correctly assess the severity of 
the environment encountered by the helicopters. 
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Abbreviations 
Acronym Description 
ASTM American Society for Testing and Materials 
CFRP Carbon Fibre Reinforced Polymer 
COTS Commercial Off The Shellf 
CRES Corrosion Resistant Steel 
RTD Resistivity Temperature Device 
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1 Introduction 
The Royal Netherlands Navy uses helicopters for a wide variety of missions, ranging from 
surveillance to search and rescue and anti-piracy missions. As a result the operational 
environments encountered by the helicopters vary widely. In the past decennia the aluminum 
Lynx helicopter was used for all these operations. Thanks to a vast experience with aluminum 
helicopters in general and the Lynx in particular, corrosion was manageable and operational 
availability of the fleet was assured. Since 2010 the Lynx helicopter has been replaced by the 
NH90 helicopter. This helicopter is larger than the Lynx, and has a carbon fiber composite skin. 
The first operational experiences showed that the metallic parts of the helicopter, like a number 
of aluminum frames, fasteners and gearboxes, experience corrosion. The corrosion is more 
severe than anticipated based on the experience with the Lynx and this results in an increase in 
maintenance and maintenance costs and a lower availability of the helicopters.  
 
A first investigation into the severity of corrosion and its relation to the usage of the helicopters 
indicates that helicopters deployed on a ship suffered more severe corrosion than helicopters 
that operated from the naval air base. Furthermore it is suspected that the locations where the 
ship-based helicopters operated also have a large influence on the severity of the corrosion. This 
implies that corrosion maintenance should be based on the actual usage of the helicopter and 
the severity of the environment it is flying in rather than based on flight hours and/or calendar 
time as is now the case. This would prevent over-maintenance and simultaneously reduce the 
risk of corrosion. Additional benefits are an increased operational availability of the helicopters 
and reduced maintenance costs. 
 
Several initiatives have been employed to assess the corrosivity of air bases in order to manage 
corrosion maintenance of aircraft1, 2, 3. This approach is feasible in situations where the 
environment in which the aircraft are flying is similar to that of the air base, and the aircraft are 
stationed at a specific air base for a longer period of time. In the cases where aircraft change air 
base frequently, averaging the conditions of the different air bases may yield erroneous results. 
For instance an aircraft stationed at a dry, but salt laden base may encounter a low corrosivity 
while that same aircraft may corrode fast when it is transferred to an air base with high humidity 
if it is not thoroughly cleaned. If the environment an aircraft is flying in is different from the 
environment on the air base (which is the case when flying over seas), then the corrosivity the 
aircraft encounters may differ significantly from the conditions at the air base itself. In these 
situations it is of little use to assess the corrosivity of the air base. The corrosivity of the actual 
operational environment should be assessed4, 5. The Dutch NH90 helicopters are an example of 
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aircraft that operate in an environment with higher corrosivity than the air base they are 
stationed on, because they are often flying over sea. Additionally the helicopters may be 
embarked on a ship. Therefore it was chosen to instrument a number of helicopters. To assess 
the differences in corrosivity of the environment between the location of the helicopter and the 
helicopter itself, sensors were also placed on the ship they are embarked on and the air bases 
where the helicopters are stationed when not embarked. 
 
Upon the start of the program, only one COTS sensor suite was available for monitoring the 
environmental conditions in aircraft: the LS2A sensor by Luna Inc. This sensor was selected for 
feasibility testing. The aim of the tests is to assess the necessity of instrumentation of the whole 
fleet and to investigate the relation between the sensor output and the corrosivity of the 
environment. To this end both in-service and laboratory experiments are performed. This is 
ongoing research and the results presented in this paper are intermediate results that already 
provide valuable information about the applicability of the sensors. 
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2 Experimental Procedure 
2.1 Sensors 
The Luna Inc. LS2A sensor suite (Figure 1) was selected for the investigation. The dimensions and 
weight of the sensor suite are 7.6 x 6.0 x 3.2 mm and 0.15 kg. A more detailed description of the 
sensors can be found in references 6 and 7. The sensor suited is composed of the sensors and 
measurement techniques listen in Table 1. 
 
Table 1: Sensors and measurement techniques used in the LS2A sensor suite 
Sensor Measurement Measurement technique 
Interdigitated gold 
electrode 
Time of wetness & solution 
resistance 
High frequency impedance 
Interdigitated AA7075-T6 
alloy electrode 
Polarization resistance Low frequency impedance 
Humidity and temperature 
probe 
Percent RH and air temperature - 
RTD probe Surface temperature Resistance 
 
 
Figure 1: Luna Inc. LS2A corrosivity sensor 
 
Relative humidity and air temperature sensor is a Sensirion SHTXX series COTS sensor. Surface 
temperatures are measured with a standard thin film platinum RTD from US Sensor Corp. The 
corrosion rate is determined from the polarization measurements of the interdigitated aluminum 
electrode using the Stern-Geary equation6, 7. The cumulative mass loss is calculated by integrating 
the corrosion rate over time. The corrosion rate calculations are part of the online data analysis 
performed by the sensor suite. 
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The temperature, humidity, corrosion rate (as deduced from the polarization resistance), 
resistance and cumulative mass loss are used in the data analysis. 
 
The sensor suite is a stand-alone unit with sufficient internal memory to store data during the 
whole test duration. Nevertheless, the unit is interrogated and the data downloaded periodically. 
The measurement interval is set at 30 minutes. This is deemed sufficient because corrosion is a 
slow process and a measurement interval of 30 minutes is a compromise between the expected 
lifetime of the battery (5 years at this setting) and accuracy of the environmental data. The same 
settings are used for the in-service measurements and the laboratory measurements. 
 
2.2 Corrosion coupons 
The environmental sensors measure the corrosivity of the environment. The influence of the 
material combinations is a factor that can accelerate the corrosion rate significantly. Since the 
NH90 helicopter has a carbon fiber composite structure, galvanic corrosion should be taken into 
account in the evaluation of the corrosivity of the environment. Six corrosion coupons were 
identified to assess the acceleration of the corrosion by galvanic coupling. The materials of these 
coupons are selected based on the material combinations of the NH90 helicopter. 
The coupon – bolt/nut combinations were: 
1. Aluminum (7075-T6) + cadmium plated alloy steel bolt and nut 
2. Titanium (Ti-6Al-4V) + CRES bolt and silver plated CRES nut 
3. CFRP + cadmium plated alloy steel bolt and nut 
4. CFRP + titanium bolt and nut 
5. CFRP + CRES bolt and silver plated CRES nut (nut at CFRP side) 
6. CFRP + CRES bolt and silver plated CRES nut (bolt head at CFRP side) 
 
2.3 In-service measurements 
Measurements were performed on a helicopter during two anti-piracy missions in the Gulf of 
Aden. The embarking ship was instrumented as well. The locations of the sensors were the 
following: 
1. Helicopter upper deck (left-hand side, in front of the rotor head, Figure 2 right-hand 
image) 
2. Helicopter cabin (right-hand side in the doorpost, Figure 2 left-hand image) 
3. Ship hangar 
4. Ship flight deck 
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The two sensors on the ship were mounted on a rack containing the six galvanic corrosion 
coupons (Figure 7). The corrosion coupons were not mounted in the helicopter because there 
was insufficient space for the coupons.  
 
The corrosion of the coupons, both type and severity, were analyzed after the ship and helicopter 
returned from the anti-piracy mission. 
 
  
Figure 2: Corrosion sensors mounted on the helicopter (left image in the cabin, right image on the upper 
deck) 
 
2.4 Laboratory corrosion tests 
Laboratory corrosion tests were performed on a number of corrosion coupons. The corrosion test 
was an intermittent salt spray test that was adjusted to better represent the conditions 
encountered by a ship-based helicopter. The 12 hours corrosion cycle consisted of 30 minutes 
salt spray (5% NaCl solution, conform ASTM B117), 2 hours purging dry air and 9.5 hours high 
humidity (wet bottom). The temperature was 49 °C. The same test will be performed at a 
temperature of 25 °C to assess the influence of temperature on the corrosion rate. 
The specimens are once again tuned towards NH90 materials and material combinations. 
Additionally a number of 2024-T3 and 7075-T6 aluminum weight loss coupons were exposed. 
Every 7 days a visual inspection was performed and one weight loss coupon of each alloy was 
removed from the test cabinet to assess the corrosion. 
The NH90 specific corrosion coupons are the following: 
• 7075-T6 aluminum 
• Stainless steel 410S 
• 7075-T6 aluminum with AV30, a film-forming corrosion preventive compound 
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• 2024-T3 with Alodine 1200 + Seevenax 113-44 + Alexit 411-77 
• 2024-T3 with Alodine 1200 + Seevenax 113-24 + Alexit 472-22 
• CFRP – 7075-T6 bolted lap joint (stainless bolt and stainless silver plated nut) 
• CFRP – stainless 410S bolted lap joint (stainless bolt and stainless silver plated nut) 
• Stainless 410S – stainless 410S bolted lap joint (stainless bolt and stainless silver plated 
nut) 
• LS2A sensor with six test coupons1 
The painted specimens and the specimens with AV30 are provided with a scratch into the bare 
metal. 
  
                                                                
1 The same 6 test coupons exposed on the ship. 
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3 Results 
Both helicopters that were instrumented with the corrosivity sensors show the same trend. The 
temperature and relative humidity results, presented in Figure 3, show a difference between the 
locations of the sensors. When the helicopter is in the hangar the temperature and relative 
humidity readings of the helicopter-mounted sensors are similar to those of the sensor in the 
hangar, as expected. The sensor on the flight deck usually differs in reading from the sensors on 
the helicopter. The reason for this are i) that the temperature in the helicopter may increase 
when the helicopter is on the flight deck with engines off, because of solar irradiation and ii) the 
helicopter is often either in the hangar or flying, and hence may experience different 
environmental conditions. 
 
 
Figure 3: Temperature (left) and humidity (right) measurement results during the first anti-piracy mission 
 
Comparison of the corrosion rate2 measured with the different sensors (Figure 4) shows that 
large differences in corrosion rate occur. Most severe conditions are experienced by the sensor 
on the flight deck because seawater is splashed onto the sensor on a regular basis during take-off 
and landing of the helicopter or at a high sea-state. The sensor in the hangar is in a sheltered 
location and shows the lowest corrosion rate. The sensors in the helicopter measure corrosion 
rates that are closer to the hangar than to the flight deck. The lower relative humidity in the 
helicopter in comparison with the flight deck in combination with less salt water spray in the 
helicopter is probably the reason that the corrosion rate is lower in the helicopter. 
 
                                                                
2 The corrosion rate is determined from the polarization potential of the aluminum interdigitated electrode; the 
cumulative mass loss is calculated by integration of the corrosion rate over time. 
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Figure 4: Cumulative mass loss (left) and corrosion rate (right) measurement results during two anti-piracy 
missions (number 1 refers to the first mission, number 2 to the second mission) 
 
When comparing the corrosivity of the environment in the cabin with that on the upper deck it is 
clear that the cabin experiences more severe conditions (Figure 5). Even though the temperature 
is lower, the relative humidity is higher, which results in a higher corrosivity. The relative 
humidity on the upper deck is lower because the higher temperature caused by the main 
transmission and the engines results in drying. 
 
 
Figure 5: Comparison of cumulative mass loss (left) and corrosion rate (right) measurement results of two 
anti-piracy missions (number 1 refers to the first mission, number 2 to the second mission) 
 
Figure 5 also shows that a large difference can occur between two similar missions to the same 
general area. Mission 1 is much more severe than mission 2.  
 
The sensor readings from the laboratory experiments show that the periodicity in relative 
humidity is measured (Figure 6). The large drops in temperature and relative humidity are caused 
by the inspections, for which the salt spray cabinet had to be opened, which let in cool, dry air. 
The cycle is not represented perfectly because of the 30 minutes measurement interval that did 
not coincide with the changes in phase of the exposure cycle. The observed decrease in corrosion 
rate is probably caused by corrosion products that partly block the surface of the sensor. The 
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presence of white corrosion product was seen on the sensor element already at the first 
inspection moment after 7 days exposure. 
 
 
Figure 6: Temperature and humidity (left) and corrosion rate and cumulative mass loss (right) results during 
the first three weeks of laboratory corrosion testing 
 
Comparing the cumulative mass loss of the laboratory experiments with the results of the flight 
deck sensors on the ship shows that the same cumulative mass loss is reached after 20 days in 
the laboratory and after 80 days on the ship. The corrosion coupons (Figure 7) show that the 
corrosion of the specimens is (much) more severe after only 14 days exposure in the laboratory 
compared to 80 days on the ship. The reason for this is probably that galvanic corrosion of the 
bolts in the corrosion coupons is more sensitive to a high humidity than the atmospheric 
corrosion of the aluminum sensor. The polarization behavior of the aluminum sensor is 
insensitive to the galvanic acceleration of the corrosion of the coupons. This implies that a 
calibration of the sensor data output with respect to galvanic corrosion needs to be performed. 
The present laboratory experiments in combination with the in-service measurements can be 
used for such a calibration. 
  
Figure 7: Galvanic corrosion coupons exposed 2.5 months on a ship (left) and 2 weeks in the laboratory 
corrosion test (right)  
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4 Conclusions 
The corrosivity sensor measurements show that the environment encountered by the helicopters 
can differ largely between different operations, even though the general area of operation is the 
same. This implies that corrosion inspections and maintenance need to be based on the 
environment encountered by the helicopter to prevent over-maintenance and/or corrosion.  
The measurements on the ship and on the helicopter show that instrumentation of the 
helicopter is required for reliable assessment of the corrosivity encountered by the helicopter. 
Calibration of the sensors is needed to capture the relevant corrosion mechanism. 
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